Cadherin-11 (CDH11, OB-cadherin) is a mesenchymal cadherin found to be upregulated in various types of tumors and implicated in tumor progression and metastasis. In order to determine the role of CDH11 expression in ovarian tumors, we performed a combined reverse transcription quantitative polymerase chain reaction (RT-qPCR), western blot analysis and immunohistochemical study on a large cohort of benign, borderline and invasive ovarian tumors. The RT-qPCR and western blot analysis demonstrated that the CDH11 expression was high in benign cystadenomas and decreased with increasing malignancy. This may be explained by the different tumor-stroma ratios, since immunohistochemistry revealed strong staining of stromal cells, particularly vascular smooth muscle cells and endothelial cells, but only weak cytoplasmic or nuclear immunoreactivity of cancer cells. Within the group of invasive carcinomas, high CDH11 protein expression, as detected by western blot analysis, was found to be significantly correlated with advanced stage and nodal involvement. However, the recurrence-free and overall survival analyses did not reveal any prognostic or predictive significance. In conclusion, in contrast to other tumor types, CDH11 does not play an important role in ovarian cancer progression.
Introduction
Adhesion proteins of the cadherin family are frequently deregulated during cancer growth and progression. The prototype cadherin of epithelial tissues is E-cadherin, a major constituent of adherens junctions, which participates in cell-cell adhe-sion and cell polarity, is involved in differentiation and cell signaling and also acts as a tumor suppressor through its negative impact on cell migration and invasion (1) . Disruption of E-cadherin function by mutation, promoter hypermethylation or loss of heterozygosity has been frequently reported in lobular breast cancer and other types of tumors. Ovarian carcinomas are an exception, since E-cadherin is expressed in all stages of tumorigenesis, including metastases and tumor cells in effusions (2, 3) .
Loss of E-cadherin expression is generally accompanied by increased expression of the mesenchymal cadherins CDH2 (N-cadherin) and/or cadherin-11 (CDH11, OB-cadherin). This 'cadherin switch' is a major characteristic of the epithelial-mesenchymal transition during the progression of a number of tumor types. Carcinomas expressing N-cadherin exhibit reduced adhesion between tumor cells, but are more able to interact with N-cadherin-positive stromal or endothelial cells (4) . In addition, N-cadherin activates signaling pathways leading to enhanced cell migration, invasion and survival (5) .
CDH11 is normally expressed in mesoderm-derived tissues, particularly osteoblasts, but is also upregulated in epithelial cancer and stromal cells in carcinomas (6) . Increased CDH11 expression was reported in brain tumors and prostate cancer, where it leads to preferential metastasis to the bone (7, 8) , and in highly invasive breast cancer cell lines, where CDH11 was shown to promote motility and invasive potential (9, 10) . In other tumor entities, such as osteosarcomas, melanomas and head and neck cancers, a tumor-suppressive effect of CDH11 was reported, with decreased expression in metastases compared with that in primary tumors (6) .
The currently available information on the role of CDH11 in ovarian cancer is sparse. In a microarray analysis of serous ovarian carcinomas, CDH11 mRNA expression was increased in metastases compared with that in primary tumors (11) . In our own experimental study on the role of the transcription factor c-Fos in ovarian cancer cells, c-Fos overexpression resulted in decreased adhesive properties of the tumor cells, accompanied by downregulation of CDH11 and other adhesion proteins (12) . In order to further investigate the role of this adhesion protein in ovarian cancer, we analyzed CDH11 mRNA and protein expression in tissue samples of ovarian tumors of different histological subtypes.
Materials and methods
Patients. Tissue samples of 213 patients with epithelial ovarian tumors were included in our western blot analysis, including benign cystadenomas (n=5), borderline tumors (n=19), invasive primary carcinomas (n=178) and recurrent carcinomas (n=11). The cohort characteristics are summarized in Table I . CDH11 mRNA expression was analyzed in 51 samples, including 6 cystadenomas, 20 borderline tumors and 25 invasive primary carcinomas. CDH11 immunohistochemistry was performed on 3 cystadenomas, 12 borderline ovarian tumors and 8 invasive carcinomas. Surgery was performed at the University Medical Centre Hamburg-Eppendorf between 1994 and 2012, or at the Albertinen Hospital in Hamburg, between 2013 and 2014. All the patients provided written informed consent for examining their tissue samples and reviewing their medical records, according to our Investigational Review Board and Ethics Committee guidelines. A detailed database including clinicopathological factors, histological classifications and therapeutic procedures was generated. The clinical outcomes of all the patients were monitored from the date of surgery until December, 2013.
Tissue samples and protein extraction. The tissue samples were collected intraoperatively and were immediately cryoconserved at -80˚C. In order to assure a tumor cell content of ≥70%, every sample was assessed on cryo-cut sections stained with haematoxylin and eosin. If necessary, stromal parts were removed. Approximately 100 mg of tumor tissue were used for protein extraction, which was performed as previously described (13) .
Western blot analysis. Western blot analysis was generally performed as previously described (13) . Equal amounts of protein (20 µg) from each sample were loaded per well and equal loading was verified by immunoblotting with anti-GAPDH antibody (FL335; Santa Cruz, Heidelberg, Germany; 1:5,000). Proteins from a tumor with known moderate CDH11 expression served as control on each gel. Following electrophoresis and blotting to polyvinylidene difluoride membranes, the membranes were stored at 4˚C in blocking solution. The rabbit anti-OB-cadherin antibody (P707; Cell Signaling Technology Inc., Danvers, MA, USA) was added to this blocking solution to a final concentration of 0.064 µg/ml and incubated overnight. Peroxidase-conjugated anti-rabbit IgG (sc-2054; dilution, 1:8,000; Santa Cruz) served as the secondary antibody and was visualized by chemiluminescence reagent (Super Signal West Pico kit; Pierce, Rockford, IL, USA) on medical X-ray films (Fujifilm Europe, Düsseldorf, Germany). The band intensities were quantified by densitometry (Imaging Densitometer GS-700; BioRad, Munich, Germany) and calculated as % intensity of the control tumor sample (CT).
RNA extraction, cDNA synthesis and reverse transcription quantitative polymerase chain reaction (RT-qPCR).
RNA extraction from frozen ovarian tumor tissue and subsequent quality analysis were performed as previously described (14) . RNA (5 µg) was reverse-transcribed using the Maxima First Strand cDNA Synthesis kit (Thermo Fisher Scientific, Pinneberg, Germany) and the obtained cDNA was diluted (1:5) for further RT-qPCR analysis. The following primers were used for amplification of the CDH11 sequences and the housekeeping gene GAPDH: CDH11: forward, 5'-CCCAGTACACGTTGATGCCT-3' and reverse, 5'-GAC GTTCCCACATTGGACCT-3'; GAPDH: forward, 5'-GTCAGT GGTGGACCTGACCT-3' and reverse, 5'-TGCTGTAGC CAAATTCGTTG-3'. RT-qPCR was performed using the 
Results
CDH11 mRNA expression in ovarian tumors of different malignant potential. In a first approach, CDH11 mRNA expression was investigated in 6 cystadenomas/cystadenonofibromas, 20 borderline tumors and 25 invasive ovarian carcinomas. Interestingly, there was a distinct difference between these tumor types, with significantly lower CDH11 expression in carcinomas compared to borderline tumors (P<0.00001) or cystadenomas (P<0.00001). There was no statistically significant difference between benign or borderline tumors (P=0.14, Fig. 1A ). Among invasive carcinomas, CDH11 expression was lower in poorly differentiated tumors (grade 3) compared with that in highly or moderately differentiated carcinomas (grade 1-2, P= 0.004, Fig. 1B ). No significant correlation to age, stage, nodal involvement or histological tumor type was observed (data not shown).
CDH11 protein expression in ovarian tumors. By western blot analysis, CDH11 was detected in almost all 213 tissue samples in varying amounts ( Fig. 2A) . Compared to the CT included in all the experiments, the protein expression levels ranged from 0.03 to 400% (mean, 90.5%; median, 72.0%). Regarding the tumor types, the mean CDH11 protein expression decreased with increasing malignancy, being 147% in benign tumors, 124% in borderline tumors and 86% in carcinomas (Fig. 2B) . The difference between invasive cancer and borderline tumors was statistically significant (P=0.045). Recurrent tumors exhibited higher CDH11 protein levels (96%) compared with primary carcinomas (86%), but this difference did not reach statistical significance. In 39 tumor samples representing all tumor types, CDH11 expression was analyzed at the protein and mRNA levels. By the Pearson's correlation test, there was no significant correlation between mRNA and protein data in this sub-cohort (r=0.280; P=0.084).
Correlations of CDH11 protein expression with clinical or histological parameters and prognosis in ovarian cancer.
Based on CDH11 protein expression values, the cohort of 178 primary carcinomas was first divided into 4 quartiles of equal size with low, moderate, strong and very strong CDH11 expression. Comparing these 4 groups by Chi-square tests or using the median value as cut-off, there was no significant association with grade, age, International Federation of Gynecology and Obstetrics stage or lymph node involvement (data not shown). Yet, if the first quartile was compared with the upper 3 quartiles, low CDH11 expression was found to be significantly correlated with early stage and negative lymph node status ( Fig. 2C and D) . Regarding the histological subgroups, there was a non-significant tendency showing lower CDH11 expression in endometrioid carcinomas compared with serous tumors (data not shown). No other significant associations with clinical or histological parameters were observed in this group. By Kaplan-Meier analysis and log-rank test using different CDH11 cut-off values, no significant correlation with recurrence-free or overall survival was identified (data not shown).
Localization of CDH11 protein expression detected by immunohistochemistry. Since CDH11 expression had been reported not only in tumor cells, but also in stromal or endothelial cells, we analyzed representative tumors from each group (8 invasive carcinomas, 12 borderline tumors and 3 cystadenomas) for CDH11 expression by immunohistochemistry. Strikingly, invasive carcinoma cells were either CDH11-negative or displayed only weak nuclear or cytoplasmic CDH11 expression. We did not detect any membranous CDH11 staining in tumor cells. By contrast, strong CDH11 staining was observed in the neighboring vessel walls and stromal matrix (Fig. 3) .
The comparison with immunohistochemical detection of the endothelial marker CD31 in parallel sections demonstrated CDH11 expression in endothelia and vascular smooth muscle cells around the blood vessels (Fig. 3C) . Isotypic controls were always negative (data not shown).
Discussion
The function of CDH11 attracted interest during our prior experimental studies, in which decreased adhesive properties of ovarian cancer cells upon c-Fos overexpression were demonstrated, accompanied by downregulation of various adhesion proteins, including CDH11. Based on the results from other tumor entities and the first data on ovarian tumors (11), we investigated CDH11 mRNA and protein expression in a large cohort of ovarian carcinomas, borderline tumors and benign cystadenomas. By western blot analysis and RT-qPCR, we detected decreasing CDH11 expression with increasing malignancy, with the highest expression observed in benign tumors. By immunohistochemistry we demonstrated that, within the tumor tissue, CDH11 was predominantly expressed in blood vessel walls and stromal extracellular matrix components. This finding suggests that the difference in CDH11 expression between benign, borderline and malignant tumors, as demonstrated by RT-qPCR and western blot analysis, may be attributed to the different tumor-stroma ratios, with the largest fraction of stromal cells found in benign tumors. CDH11 expression in myofibroblasts or vascular smooth muscle cells has been previously reported (15, 16) , where it promotes cell proliferation and migration. Upregulation of CDH11 expression in differentiated myofibroblasts was detected during dermal wound healing (15) , where it contributed to cell contraction. Interestingly, CDH11-mediated cell-cell contacts in fibroblasts lead to strong upregulation of vascular endothelial growth factor-D expression, indicating that it may be involved in the angiogenic process (17) . The CDH11 overexpression in fibroblasts in the vicinity of tumor cells concurs with the observation that the tumor microenvironment shares several characteristics with a chronic wound (18, 19) .
In contrast to stromal cells, we did not identify any membranous CDH11 expression in epithelial ovarian tumor cells of different malignancy, but only weak or absent cytoplasmic or nuclear immunoreactivity. A similar staining pattern was reported in glioma cells, where an anti-invasive function of CDH11 was hypothesized (20) .
Regarding the role of CDH11 in human malignant tumors, conflicting results were reported: A tumor suppressor function of CDH11 expression was reported in retinoblastomas (21) and gliomas (20) , whereas high CDH11 expression correlated with a more malignant subtype in colorectal cancer (22) , prostate cancer (8), breast cancer cell lines (10) and osteosarcomas (23) . The latter immunohistochemical study is in contrast to an RT-PCR-based investigation, which reported a correlation of CDH11 expression with a good prognosis in this tumor type (24) . In the light of our results, this contradiction may be associated with methodical differences.
In ovarian tumors, CDH11 mRNA expression was previously reported to be upregulated in metastatic lesions compared to primary tumors (11) . In the present study, high CDH11 protein expression, as shown by western blot analysis, was associated with advanced stage and nodal involvement, which points to the same direction. Since the tumor-stroma ratio does not differ in carcinomas of different stage or nodal status, the RT-qPCR or western blot analysis results are comparable within this tumor group. However, although these correlations suggest a possible oncogenic role of this adhesion molecule in ovarian cancer, the corresponding follow-up data show that CDH11 expression is not significantly associated with prognosis in ovarian carcinomas.
In conclusion, to the best of our knowledge, this is the first study of CDH11 expression in a large cohort of ovarian tumors of different histological subtypes. Among ovarian tumors, CDH11 is predominantly expressed in stromal cells (myofibroblasts, vascular smooth muscle cells and endothelial cells), leading to the highest expression in benign tumors with a high stromal fraction. Although in malignant ovarian cancer, high CDH11 expression correlated with characteristics associated with an unfavorable outcome, the lack of a prognostic significance in the survival analysis indicates that it is not a suitable marker or therapeutic target in this type of tumor. 
